An unprecedented DTE-based Pt(II) complex, 2(o), which stands as the first example of a sequential double nonlinear optical switch, induced first by protonation and next upon irradiation with UV light is presented. We have designed and synthesised a new type of DTE-based platinum complex 2(o) (Chart 1), where the organometallic fragment, and the dialkylaminophenyl group are located on the same thiophene ring of the photochromic DTE unit (rather than at both ends of the DTE unit as in 1(o)), the cyclometalated Pt(II) acetylide moiety being bounded to one of the reactive carbon atoms. 10, 11 This design gives rise to an extended p-conjugated alkynyl ligand in the open form, accompanied by metal-to-ligand-ligand-to-ligand charge transfer (MLCT/LLCT) transitions. In contrast, the formation of a tetrahedral centre at the C 2 carbon in 2(c) induces a new conjugated pathway centered on DTE. Moreover, the introduction of a strong donating dialkylamino end group allows us to dramatically modify the electronic structure by protonation. Here, we present an unexpected sequential double modulation of the NLO properties of metal complexes.
Sequential double second-order nonlinear optical switch by an acido-triggered photochromic cyclometallated platinum (II) We have designed and synthesised a new type of DTE-based platinum complex 2(o) (Chart 1), where the organometallic fragment, and the dialkylaminophenyl group are located on the same thiophene ring of the photochromic DTE unit (rather than at both ends of the DTE unit as in 1(o)), the cyclometalated Pt(II) acetylide moiety being bounded to one of the reactive carbon atoms. 10, 11 This design gives rise to an extended p-conjugated alkynyl ligand in the open form, accompanied by metal-to-ligand-ligand-to-ligand charge transfer (MLCT/LLCT) transitions. In contrast, the formation of a tetrahedral centre at the C 2 carbon in 2(c) induces a new conjugated pathway centered on DTE. Moreover, the introduction of a strong donating dialkylamino end group allows us to dramatically modify the electronic structure by protonation. Here, we present an unexpected sequential double modulation of the NLO properties of metal complexes.
Complex 2 was synthesised by a standard procedure starting from (N^N^C)Pt-Cl and an appropriate DTE-based alkyne (Scheme S1, ESI †). 8 The DTE-based ligand was prepared following a multi-step procedure. The two different thiophene derivatives were successively connected to perfluorocyclopentene. The UV-vis absorption spectrum (CH 2 Cl 2 ) of 2(o) is shown in Fig. 1 , whereas the spectroscopic data are summarized in Table 1  and Table S1 ( N^N^C ligands in the region of 300-370 nm and MLCT dp(Pt) -p*(N^N^C) mixed with some LLCT p(CRC-) -p*(N^N^C) transitions in the visible region. (NBO) atomic charges and on inspection of the bond lengths in the optimized geometry indicate that 2(o) has no significant contribution from this quinoid structure (see ESI †). The photochromic reactivity of the DTE moiety can be restored by protonation. Quaternization of the nitrogen atom of the dibutylamino end group was achieved by in situ addition of tetrafluoroboric acid (HBF 4 -OEt 2 ) into a CH 2 Cl 2 solution of 2(o) (Scheme 1). The absorption spectrum of the protonated complex 2H + (o) is blueshifted over the whole electronic spectrum in comparison with 2(o) (Fig. 1) , as the result of the suppression of the strong electrondonating character of the dibutylamino end group. 17 This analysis is supported by TD-DFT: the S 0 -S 1 transition (computed at 485 nm) now involves CT from the DTE-acetylide moiety to the N^N^C part with practically no participation of the amino group (Fig. 2) . TD-DFT qualitatively restores the experimentally observed blue shift of the S 0 -S 1 band when protonation of 2(o) takes place (88 nm instead of 151 nm). Upon irradiation at 350 nm, the colourless solution of 2H + (o) turned blue due to the formation of the closed-ring isomer 2H + (c) , as indicated by the typical absorption band at 585 nm (Fig. 1) . Irradiation with visible (Fig. 1) . In the case of 2H + (c), the S 0 -S 1 transition (computed at 613 nm) is mostly an IL state centered on DTE according to TD-DFT. This observation is of particular interest because it shows that, when an organometallic moiety is linked to a DTE unit at the reactive carbon, the lowest excited-state does not conserve the CT nature after the ring-closure of DTE.
The second-order NLO responses of 2(o), 2H + (o) and 2H + (c) were determined by the EFISH method working in CH 2 Cl 2 at a concentration of 10 À3 M with a non-resonant incident wavelength of 1.907 mm (see ESI †). 9 Although it was traditionally used to study neutral molecules, the EFISH technique can be applied for the determination of the second-order NLO response of ionic species by working in a solvent with a low dielectric constant which favours ion pairing. 18 We found that 2(o) is characterized by a large value of mb EFISH (À496 Â 10 À48 esu, see Table 2 ). The NLO response doesn't change upon irradiation in agreement with the lack of photochromism of complex 2(o). Protonation of this complex in situ with HBF 4 -OEt 2 gives 2H + (o) that also has a large value of mb EFISH (690 Â 10 À48 esu) but with inversion of the sign of the quadratic hyperpolarizability. Further irradiation at 350 nm (5 min) leads to ring closure and to a high value of mb EFISH (À925 Â 10 À48 esu) with again a negative quadratic hyperpolarizability (see Table 2 ). The nonlinear optical properties of 2(o), 2H + (o) and 2H + (c) have been also calculated using the oB97X-D 19 long-range corrected functional (see ESI †). Theoretical and experimental results are compared in Table 2 . It turns out that the dipole moment decreases upon protonation of 2(o), whereas it increases on going from 2H + (o)
to 2H + (c) . Theory predicts that all three systems have mb values of the same order of magnitude in agreement with the experimental findings (Table 2) . Moreover, the NLO switching ability is confirmed by theory with both 2(o) and 2H + (c) systems having a negative quadratic hyperpolarizability contrary to 2H + (o) ( Table 2 ).
In conclusion, the novel DTE-based platinum(II) system presented here is of particular interest, being, to our knowledge, the first example of an in situ sequential double nonlinear optical switch where the NLO response is modulated first by protonation and then upon irradiation with UV light. One key point of the system is that the sign of the mb response changes at each step. This work was supported by European Research Council (Marches Grant 278845), the Région des Pays de la Loire (recrutement sur poste stratégique), MIUR (FIRB 2003: RBNE033KMA and FIRB 2004: RBPR05JH2P) and CNR. 
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